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EXECUTIVE SUMMARY

An assessment of undiscovered phosphate resource potential of Dominican
Repwblic shows that a high probability exists for multiple small (less than
100,000 tons) deposits of high-grade guano-derived phosphate in areas of karst
topography in the northeastern part of the country. Deposits, if they exist,
would have a medium feasibility of economic exploitation due to the rugged
terrane.

A medium probability exists for the occurrence of phosphate in Miocene
rocks of the San Juan-Azua valleys area, but deposits, if they exist, would
have a high feasibility of economic exploitation. Miocene rocks of the Santo
Domingo and East Cibao-El Valle area have a low to medium probability of
containing phosphate rock and a high feasibility of economic exploitation.

Eocene rocks of ranges adjacent to the western San Juan Valley have a
medium probability of existence of phosphate and a medium feasibility of
economic exploitation.

Cretaceous rocks near the Pueblo Viejo mine have a low probability of
containing phosphate, but would be ideally situated for economic exploitation
if a sulfuric acid plant is located at the mine site.

Cenozoic volcanic rocks of the southern Cordillera Central have a low to
very low probability of containing phosphate rock, a medium feasibility of
economic recovery, but offer the possibility of being a valuable soil
amendment.

Other rocks of Dominican Republic have no apparent probability of
containing phosphate rock, or too low a feasibility of economic exploitation.

A program for further evaluating and discovering these undiscovered
potential resources would take about three geologist-years effort plus
supporting scientific services, a core drilling program of about 15 shallow
holes, and several weeks of hel icopter support.

Compl etion of this second phase of phosphate resource assessment, if
phosphate deposits are found, would allow planning of the third phase of
phosphate resource development, consisting of inferred reserve delineation and
estimation.



INTRODUCTION

The possibilities of the existence of undiscovered phosphate rock in the
Caribbean and Central American region were examined at a workshop held at East
Carolina University in Greenville, North Carolina on July 9-13, 1984. This
workshop was jointly sponsored by the U.S. Geological Survey and East Carolina
University and was attended by geologists from eight Latin American countries,
including the NDominican Republic. Because of the projected supply of
sulfuric acid from the sulfide ore zone of the Pueblo Viejo mine, the
discovery of a phosphate deposit in the Dominican Republic became an important
objective. Thus, a program of assessing the phosphate potential of the
country was initiated by the Direccion General de Mineria with the help of the
U.S. Geological Survey.

Richard Sheldon (USGS-retired and consul tant) and Robert McDowell (USGS)
were called on to assist the Mineria in carrying out the first phase of this
project, from November 5 to December 5, 1984. The working team consisted of
Dr. Ivan Tavares, Mr. Edwin Garcia and Mr. Robert Kulstad of the Mineria and
Sheldon and McDowell. Two weeks were spent in Santo Domingo going over the
literature on the geology of Dominican Republic to identify potential
phosphate target areas. Reconnaissance field trips were taken to the San Juan
and Azua Valleys, Sierra Neiba, Cordillera Central and Codillera Oriental,
Haitises, and the coastal plain near Santo Domingo. A draft of this report
was left at the Mineria at the end of the project to assist in a timely
beginning of the next phase of phosphate resource devel opment.

This project required the team to pool their scientific knowledge of the
geology of Dominican Republic with their knowledge of the geology of phosphate
rock. Other geologists of the Mineria made significant contributions by
supplying assistance and geologic data, and their help is gratefully
acknowl edged.

This report is organized in the following way. The known occurrences of
phosphate rock in the Caribbean region are presented, and the origins of those
deposits are analyzed in temms of pal eoceanography, paleogeography and
paleotectonics. The relevance of known Caribbean phosphogenic provinces to
Dominican Republic is described, and formations with a potential for
containing phosphate rock are identified. 1In the next section, these target
areas for phosphate rock are ranked, and in the final section, suggested
programs are outlined to further evaluate and prospect the target areas.

KNOWN PHOSPHOGENIC PROVINCES OF THE CARIBBEAN REGION

Three phosphogenic provinces are known in the Caribbean region: 1)
Neogene marine phosphorites of the southeastern United States (US), Cuba,
Venezuela and perhaps Mona Island between Puerto Rico and Dominican Republic,
2) Upper Cretaceous phosphorites of northern South America, and 3) bat and sea
bird derived phosphate rock in the West Indies.



Neogene marine phosphorites
World occurrences

Marine lower Neogene phosphorite was deposited where upwelling eastern
boundary currents flowed over shallow water areas at trade wind latitudes (5
to 40 ) (McKelvey, 1963, 1967; Sheldon, 1964, 1980, 1981) (figures 1 and 2).
This gave rise to deposits in Western North and South America, as discussed
below, and also in offshore areas of Spain, Portugal and Northwest Africa in
the Northern Atlantic, and Namibia and South Africa in the Southern Atlantic,
and offshore of Western Australia. The paleo-Gulf Stream, which was a western
boundary current, produced a phosphogenic province of a different kind at
higher latitudes in the Caribbean area. No other major western or eastern
boundary current, or Neogene deposits are known in the world, although minor
deposits are found in Indonesia, Philippines and New Zealand.

Caribbean region occurrences

Phosphorite of Miocene and lower Pliocene age occurs in Florida and North
Carolina in the southeastern US and in adjacent Continental Shelf areas
(Riggs, 1984). In Cuba, Ol igocene-Miocene phosphorite crops out on the
southwest flank of the central mountain range in the vicinity of Havana
(Pokr ishkin, 1967). In Venezuela, Miocene phosphorite that in part has been
weathered extensively and redeposited as secondary phosphate rock occurs in
the vicinity of Riecito on the northern coastal area (Rodriquez, 1984). On
Mona Island between Puerto Rico and the Dominican Republic, phosphate rock
occurs above an unconformity on Miocene-Pliocene limestone and under a
Pl iocene-Pleistocene 1limestone. This phosphate rock may be of bat-guano
origin, similar to the younger secondary phosphate deposits associated with
caves and replacing the Pliocene-Pleistocene 1limestone (Altschuler in Kaye,
1959), but alternatively may be of marine origin.

The marine Neogene phosphorite deposition of the Caribbean region was
related to the Miocene Gulf Stream (Riggs, 1984), which suggests the
possibility of other marine phosphorite deposits on other shallow water areas
that were washed by this ancestral current system (figure 3).

A problem of correlation and age of Caribbean phosphate sedimentation
exists., Riggs (1984) reported that the phosphorites of the southeastern US
are early to middle Miocene and early Pliocene. Pokrishkin (1967) assigned an
0l igocene-early Miocene age to the phosphorites of Cuba. Rodriquez (in press)
gives a middle to late Miocene age to the Venezuelan phosphorites. If these
ages are correct, phosphogenesis occurred from Oligocenc to Pliocene time, not
necessarily continuously, but probably episodically as indicated by individual
stratigraphic sections. Major Neogene phosphorites of the world are Miocene,
and appear mainly to be middle Miocene. Establishing the age of episodes of
phosphogenesis in the Caribbean region will take further camparative
paleontologic work, but at present it appears likely that the main
phosphogenesis of southeastern US and Venezuela was also middle Miocene.
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Figure 2. World distribution of sea-floor phosphorite
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Figure 3. Present-day and postulated pre-middle Miocene
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Miocene marine phosphorites are also known in Southern California, US and
Baja California, Mexico, as well as in Western Peru and Chile (figures 2 and
3). These are different phosphogenic provinces than the Miocene- Pliocene
Gulf Stream phosphogenic province, because they were related to the ancestral
California and Humboldt (Peru) eastern boundary currents of the Pacific
Ocean. Because an isthmus between North and South America probably existed in
Middle Miocene time it appears that the Caribbean and Pacific Miocene marine
phosphogenic provinces were oceanographically unrelated, although they were
climatologically related. 1If this is true, the presence of the Miocene
Pacific phosphorites has little bearing on the Caribbean phosphorite
potential.

Upper Cretaceous marine phosphorites
World occurrences

Marine phosphorites occur in a circum-global belt at low paleolatitudes
(Sheldon, 1980). A belt of major economic phosphorites of late Cretaceous age
occurs in the Middle Fast in Turkey, Syria, Jordan and Israel, and these are
conformably overlain by Paleogene phosphorites. Smaller Cretaceous
phosphorite deposits occur in the Paris Basin in France and Belgium, Greece,
Tunisia, Algeria, Morocco, and Western Sahara. The major phosphorites of
North Africa are early Tertiary in age. A belt of Cretaceous phosphorites
occurs in northern South America, as discussed below. None of these deposits
appears to be associated with boundary currents comparable to those of the
gyral circulation in the ocean today. Cretaceous sediments deposited at the
pal eoceanographic positions where Cretaceous boundary currents would be
expected are essentially non-phosphatic. This indicates that different
oceanographic current system and climatic conditions were operating in late
Cretaceous time. In the late Cretaceous, strong circum-global equatorial
upwelling must have occurred, whereas in Neogene time, trade-wind belt
upwell ing occurred.

Thus, the distributional model used for phosphate exploration in the
Upper Cretaceous rocks must be different from that used in Neogene rocks. On
the basis of their different distributions, two phosphorite families were set
up, the trade-wind-belt family and the equatorial-belt family (Sheldon, 1980).

Caribbean occurrences

Upper Cretaceous phosphorite occurs in the La Luna Formation in Columbia
and Venezuela and in equivalent rocks in Equador. The La Luna Formation is
canposed of five phosphate-bearing cycles of sedimentation, which were caused
by eustatic sea level changes and probable changes in the oceanic paleocurrent
systans. Similar but less well-developed cyclic sedimentation occurs in the
Upper Cretaceous phosphatic sequences in other parts of the world. A typical
tripartite cycle consists, fram base to top, of sandstone, a middle unit of
phosphorite, chert, and black 1imestone, and an upper black shale unit. On a
world-wide basis, phosphorites are found in each late Cretaceous stage,
although in northern South America, phosphorite is known only in the
Coniacian, Santonian, Campanian and Maestrichtian. The major phosphorite in
Colurbia is Santonian in age (Cathcart and Zambrano, 1967).



Guano-derived phosphate rock
General occurrence

Altschuler (1973) summarized the conditions of guano accumulation:

"Accumulations of excrement form ...(an) important category of phosphate
deposits. The swject has been treated in masterful detail by Hutchinson, who
noted that massive fecal concentration occurs only when large colonies of
"organisms (which) are large, feed over a wide (and highly productive)
tropophoric field, and return to a limited site for rest and reproduction.
For persistent accumulation the site must be relatively free of predators and
of frequent or heavy rain. Only the roosts of birds and bats fulfill these
requirements to any geochemically important degree."

"The requirements for substantial deposits of phosphatic bat guano
(chiropterite) are met in dry caves of karst terrains, in warm, fertile
regions. The cave areas of the West Indies, Indonesia, and Thailand are
notable past and present-day examples. Many caverns in the limestone belts of
Bohemia, Appalachia, and Texas and New Mexico still support bat colonies, but
their guano, for the most part, was deposited in pre-Holocene and, presumably,
warmer periods. The requirements for bird guanos are fulfilled on arid
islands, and swordinately, on coastal headlands adjoining highly productive
regions of the sea."

"Thus, most insular guano is found on small islands, in belts of the
world ocean marked by major divergences in circulation, where colder,
nutrient-rich, subsurface water is brought to the surface by pronounced
upwelling. Such fertile belts, flourishing in plankton and fish, are notable
on the west sides of the continents in tropical and trade-wind latitudes, at
the inner edges of the Peru, California, Benguela, and West Australian
currents. The Peruvian guano islands, the deposits of the Mejillones
Peninsula in Chile, and of Saldanha Bay in South African are well-known
exampl es of such geophysical control. Fertile belts of upwelling occur in the
boundary zones of the westward-flowing north and south equatorial currents
with equatorial countercurrents. Cold water wells up and flows transversely
poleward fram the divergence. Many major Pacific Island phosphate deposits
owe their existence to this current configuration. Thus Nauru, Ocean,
Howland, Baker, and Jarvis Islands all lie close to 0 latitude in the South
Pacific equatorial divergence...."

The calcium phosphates derived from guanos may be purely residual
accumulation. They also occur as mixtures of phosphatized, wave-washed,
calcareous debris, cemented by both precipitated and residual calcium
phosphate. These occur as continuous, thin crusts over hundreds of small
islands in the Pacific, the Caribbean, and the seas of southeast Asia, and are
called "crust guanos" or atoll phosphates. Reflecting a component of residual
guano, these deposits are collectively termed phosphatic guano. Lastly, the
calcium phosphates may consist largely of massive varieties of precipitated
and matasomatic (or repl acement) deposits mixed to varying degree with finer,
and less cohesive, particulate calcium phosphate, and subdivided texturally
into "coherent" and "incoherent." These are no longer guanos. The large
economically exploited insular deposits of Nauru, Ocean, Makeea, Christmas,
and Curacao are of this type.



A study of bat-guano-derived phosphate rock in Thailand (Sheldon, 1984a)
is given in Appendix D.

Caribbean occurrences

Bird-guano phosphate rock is known in Curaco. Bat-guano deposits are
known in may parts of the Caribbean, but to our knowledge the only bat-guano-
derived phosphate rock in the Caribbean region was reported by Altschuler (in
Kaye, 1959) on Mona Island, where hydroxyapatite is associated with the cave
guano deposits in the Pl iocene-Pleistocene 1imestone.

POSSIBLE PHOSPHOGENIC PROVINCES OF THE DOMINICAN REPUBLIC

Known indivudual phosphate deposits of the Caribbean region have been
well enough explored to determine their probable lateral extents. However,
because phosphogenic provinces originally covered the areas where upwelled
phosphate~-rich ocean waters flowed over shallow shelves, it is possible that
the full extents of the known phosphogenic provinces of the Caribbean region
have not been defined. One major problem is that late Cenozoic plate tectonic
activity has broken up and dislocated original areas of sedimentation. Thus,
the presently known phosphate deposits may be only fragments of originally
larger provinces, and undiscovered phosphate may remain to be found in other
fragments. Following this line of reasoning, it was pointed out at the 1984
workshop on phosphorite potential of the Caribbean and Central American region
that areas in the Caribbean and Central American region where no phosphate
occurrences are known should be assessed for their phosphate resource
potential .

The phosphate potential of Hispaniola on first analysis appears to be in
Miocene terrain where the ancestral Gulf Stream may have deposited phosphate,
and in late Cretaceous terrain, which may have been in the same current system
as the northern South American phosphogenic province. In addition, Paleogene
cherty limestone in the Dominican Republic may have been deposited in a
phosphogenic province comparable to those of the same age in North Africa,
Annan seamount in the Atlantic and many seamounts in the Pacific.

Review of the literature, discussions with geologists of the Dirreccion
General de Mineria, and reconnaissance field trips have refined these ideas on
the phosphate potential of the Dominican Republic. These ideas are discussed
bel ow.

Miocene rocks

The track of the Miocene Gulf Stream can be partly traced by the
occurrence of Miocene phosphorite deposits in the Caribbean region (figure
3). The ancestral Gulf Stream appears to have flowed in a similar path as the
modern Gulf Stream, as indicated by the phosphorites of coastal Venezuela,
Cuba and southeastern US.



The Gulf Stream is formed by the equatorial current of the South Atlantic
gyre being diverted by northeastern South America to flow into the northern
hemisphere and join the equatorial current of the North Atlantic gyre, to give
the uniquely large and deep flowing present day Gulf Stream (figure 1). At
the present time, the Isthmus of Panama prohibits the Gulf Stream from flowing
into the Pacific Ocean, which it otherwise would do. This causes a segment of
the Gulf Stream to be diverted through the Gulf of Mexico, around the Florida
peninsula, where it joins the other segment, which flows along the north side
of the Greater Antilles (figure 3). The Miocene Gulf Stream would have had
the same characteristics at times when the isthmus existed between North and
South America. An isthmus existed in at least middle Miocene time, as
indicated by land mammal migrations, and in post-Miocene time, as indicated by
stable isotope studies of plarktonic foraminifera on each side of the Isthmus
of Panama (figure 4), and a partial restriction may have existed earlier.

It is reasonable to hypothesize that the middle Miocene Gulf Stream
flowed westward along the shelves of both the north and south sides of
Hispaniola. The Cuban Miocene phosphorite on the southern Cuban shelf
suggests that part of the current on the south side of the Greater Antilles
may have flowed westward along the shelf. The Mona Island phosphorite, if it
is marine and Miocene in age, may indicate flow of a Gulf Stream segment
through the Puerto Rico-Hispaniola strait. It is also reasonable to
hypothesize that any bathymetric obstructions to the Gulf Stream flow would
cause obstruction upwelling (figure 5), similar to that in the southeastern US
(Riggs, 1984) and perhaps the deposition of phosphorite. Such obstruction
upwelling could occur on both the northern and southern shelves of Hispaniola.

If the Miocene paleogeography of Hispaniola could be reconstructed, the
Miocene paleoceanography could be hypothesized, which would assist phosphate
resource assessment. However, paleogeographic reconstruction is made
extraemely difficult by post-Miocene plate-tectonic rifting, spreading, and
transcurrent faulting. Critical questions concern the presence or absence of
the present straits between Hispaniola and Puerto Rico and Hispaniola and
Cuba, and the Miocene position of the Presqu'ile-Barahona peninsula.

The question of the time of formation of the Hispaniola-Puerto Rico
strait has not been addressed by geologic papers we have read. To use the
Mona Island phosphate rock as evidence of the existence of a strait in Miocene
time would be not only uncertain, but circular reasoning. Thus, at this time,
judgement must be suspended.

The question of the Hispaniola-Cuba strait can be addressed using
available studies. Nemec (1980) presented a structural model of Hispaniola.
A similar model was presented by Bourgois and others (1980). These models are
shown in figures 6 and 7. Nemec showed the Muertos Trench, the northward
dipping thrust fault on the north side of the Enriquillo-Cul de Sac Basin, and
the trace of the old Muertos trench west of Haiti as a single fault system.
This suggests that the Presqu'ile-Barahona peninsula and the Enriquillo-Sul de
Sac Basin form an accreted exotic block sutured to the main part of Hispaniola
along the Muertos subduction zone. Supporting evidence for this is the
sedimentary facies discontinuity between the Miocene evaporitic seguence of
the Enriaquillo Basin and the Miocene marine sediments of the San Juan BRasin,



Milions of ysars sgo
»
b
1

5.0

6.0 -

Figure 4. Stable isotopes in planktonic foraminifera
on each side of the isthmus of Panama

i'%0 "¢
00 -10 -20 -0 d.0 2.0 1.0 0.0
5 . . 1 1 1
Pleistocene

o
]

2.0 ~
Late Phocene ?% EAasT PACIFIC
10 - .
8 = CARIBBEAN
Early
Plincane

. %

Keigwin (1982)

To



Figure 5.
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Figure 6. (NEMEC, 1980)
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which show a southward increase of deep-water facies. A deep camyon that is
cut by the Rio Colorado in Sierra Neiba north of Neiba exposes a highly folded
and faulted structural section. In a reconnaissance study of this section,
Bourgois and others (in press) interpreted southward overthrusing on north-
dipping faults involving Tertiary rocks (figure 8). The Miocene rocks exposed
in the section consist of a thick contorted section of marine shale and
limestone, rich in microfossils. Just to the south in the Enriquillo Basin,
Miocene rocks are in part evaporitic, giving additional evidence of a Miocene
facies discontinuity. The degree of contortion of the beds appears to
increase to the north in the section north of Neiba. The structural block
under the uppermost limestone is composed of a megabreccia of limestone and
volcanics and perhaps is a tectonic breccia. It appears possible that this
structural zone represents the suture zone between the main Hispaniola block
and the Presqu'ile-Barahona block. Comparable tectonics in this trend are

not known in areas outside of the possible suture zone (I. Tavares, oral
communication, 1984). The original position of this possible accreted block
may have been southeastern Cuba, where a straight coastline associated with a
parallel belt of undated intrusives (Case and Holcombe, 1980) shows the
characteristics of rifting. Nemec's and Bourgois and others' models show that
north-south spreading of the rifted segments may have been on the Cayman
Trough spreading center, and post-Miocene eastward movement of the exotic
block may have been due to left lateral transcurrent faulting on the south
side of the Cayman Trough caused by the eastward movement of the Caribbean
plate. 1If this interpretation were true, the exotic accreted block would have
been in the position of the present strait hetween Hispaniola and Cuba.
Initial rifting could have created a narrow, restricted marine evaporite basin
analogous to the Jurassic evaporites of the Gulf of Mexico, Cretaceous
evaporites of West Africa and eastern South America and Miocene exaporites of
the Red Sea.

An alternative model to explain the sedimentary facies relationship is
that the Fnriquillo pull-apart basin existed in Miocene time, and that
evaporitic sedimentation corresponded to Miocene clastic deposition in the San
Juan-Azua area. These conditions would require a Miocene uplift in the Sierra
Neiba region and formation of the restricted Enriquillo Basin. However,
folding and faulting of the Sierra Neiba is thought to be Pliocene (Lewis,
1980). The inclusion of Miocene rocks in the faulting on the south side of
Sierra Neiba (Bourgois and others, in press) indicates that the folding and
faulting is post-Miocene. Also, the deep water facies and northern provenance
of the clastic fraction of the Miocene strata of the San Juan Basin gives no
indication of Miocene uplift in the Sierra Neiba.

If the accreted exotic-block model were true, the Miocene paleogeography
would be greatly different than the present geography. A shelf and slope
sequence along the south side of the Cuba-Hispaniola island would have been
deposited on the western part of the shelf, and possibly phosphorite would
have accumulated in favorable sites along the eastern part of this shelf on
present Hispaniola.

The Miocene rocks of the San Juan-Azua Basin may have been in an
analogous position to the Cuban phosphorite. 1In exposures in the northern
part of the basin, Miocene rocks exhibit a non-marine facies of conglomerate
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and sandstone, which in part grades southward into marine sandstone and

shale. At one locality northwest of Azua (figure 9), the lower part of the
Aroyo Blanco formation contains two beds, about 10 meters thick, of dark
greenish gray marine shale. These beds are exposed in a cut made for an
irrigation canmal. The shale contains abundant calcite fossils, including
small fragile pelecypods and foraminifera, and rare glauconite grains. The
shale is slightly phosphatic, probably less than 1% P205. To the west, in the
section north of Neiba, the Miocene rocks consist of marine shale and
limestone, with abundant microfossils. Thus, the facies of shallow-water
marine Miocene sediments exists in the San Juan-Azua Basin.

The Miocene strata northwest of Santo Domingo was deposited on a shelf
facing the Caribbean Sea to the south. This is east of the possible accreted
block, and shows the paleogeography hypothesized for the Miocene of the San
Juan Basin. The Miocene beds crop out along the edge of the coastal plain,
but have not been well described in publications of which we are aware. A
visit to an outcrop northwest of San Cristobal showed a cross-bedded and
channeled sequence of sandstone. The rock is characterized by a flat
foraminifera. The sediments probably accumulated in the outer beach
enviroment, but more study is required. The Miocene section is fairly thick
in this general area and should be further examined by shallow drilling to
establish the stratigraphic sequence and possibility of occurrence of
phosphatic sediments.

On the northeast side of the Dominican Republic in the Samana Bay region,
Miocene sediments are widespread and thick. A study by Douglas-Robertson and
Associates (1983) of the East Cibao-El Valle coal region has given new data
and interpretations of the Miocene paleogeography and paleotectonics. They
concluded that Samana Bay was formed in late Miocene time when the Samana
Peninsula block rifted and moved northwest. They indicated that the middle
Miocene rocks are more marine to the north. Alternatively the Middle Miocene
paleogeography may have been a more simple shelf. If the Hispaniola-Puerto
Rico strait were open, obstruction upwelling could have been caused by the
eastern Dominican Republic shelf, causing phosphorite sedimention on the
northeast side of the shelf, in a manner analogous to that related to the
Ocala Uplift in Florida and the Cape Fear Arch in North Carolina (Riggs,
1984).

The Miocene rocks of Dominican Republic contain coral debris and coral
reef deposits. The question arises whether or not this should be taken as a
negative factor in Miocene phosphate potential, as the two sediments are not
generally associated. Corals are absent in rocks containing tradewind,
eastern-boundary-current phosphorites, due to the low temperature of the
upwelled water. The Miocene phosphorites of the southeastern US do not
contain corals, but they occur mostly north of the present coral limit, which
was probably at a comparable or even farther southern position during the
Miocene glacial stages. However, corals are present in the phosphatic
sequences of Miocene rocks in Cuba (Pokrisnkin, 1967) and Venezuela
(Rodriguez, in press), so the presence of corals in Miocene rocks definitely
cannot be taken as a negative factor in assessing phosphate potential of the
Dominican Republic. It is conceivable that coralline limestone was deposited
during Miocene interglacial stages in the southern part of the phosphogenic
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province. Phosphorites are associated also with dolomite, which is probably
significant sedimentologically in that there is a general association of
dolamite and phosphorite in most phosphorites of all ages.

Paleogene rocks

Paleocene and Eocene phosphorite deposits of North Africa make up a major
portion of world phosphate resources (Slansky, 1980). Additional important
deposits occur in soutlwestern USSR and West Africa. Phosphorites of
Paleogene age also are known on Annan seamount in the Atlantic west of Africa
and on a number of seamounts in the Pacific Ocean. These phosphorites
originally were deposited at low paleolatitudes (Sheldon, 1980). The
Pal eogene phosphogenic episode was a continuation of the late Cretaceous
episode described earlier, and the gobal distribution patterns and cyclic
sedimentation of the two are similar.

No Paleogene phosphorite is known in the Caribbean region or Central
American region, but the Paleogene paleogeography and paleoceanography of
parts of the region may have been favorable for phosphorite sedimentation.

According to several plate tectonic reconstruction models, the islands of
the Greater Antilles were part of an lower Cretaceous volcanic arc, fommed
above an east-dipping subduction zone, with the Pacific plate subducted under
a seafloor fommed by the rifting and spreading between North and South America
(Walper, 1980). The volcanic arc made an Isthmus between North and South
America in Early Cretaceous time that was broken up and moved northeastward in
Late Cretaceous time by Caribbean plate movement. The volcanic arc was
reactivated by southwest-dipping subduction under the volcanic arc.

If this model is correct, the Focene sediments of southwestern Hispaniola
were deposited on the southwest margin of the volcanic arc in a back arc basin
during the second phase of Caribbean tectonics (Nemec, 1980; Maurasse and
others, 1980). Shelf, crystalline limestone of the Plaisance Formmation was
deposited adjacent to the volcanic arc, and lithographic 1imestone and marl
were deposited in deeper water, away from the volcanic arc; those 1limestone
units make up the Neiba Formation.

It was suggested above in the discussion of Miocene rocks that the
Presqu'ile-Barahona Peninsula might be an accreted block. If true, the block
may have been formed by the break-up of the volcanic arc by collision of the
western part of the volcanic arc with the Bahama Platform and fragmentation
along left-lateral transcurrent faults. The change in direction of Caribbean
plate movement to the east may have caused rifting and spreading along
transcurrent faults. If the Presquile-Barahona block were fomed in this way,
the sequence from north to south in the Cordillera Central-Sierra Neiba of
Cretaceous volcanics, shelf limestone and deeper water 1limestone should be
repeated in the Barahona Peninsula. The geologic-tectonic map of Case and
Holcombe (1980) shows Cretaceous volcanics and the description of Eocene rocks
by Dohm (1942a, b) includes shelf 1limestone south of the volcanics. However,
Dohm's description of the Eocene rocks of the Barahona Peninsula is too brief
to adequately describe the facies.
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Some low-latitude shelves of Eocene age in other parts of the world that
were washed by equatorial upwelled waters were the sites of phosphorite
sedimentation. The Plaisance shelf limestone may have been deposited in a
similar paleoceanographic position and may contain phosphorite. Some possible
supporting evidence for this hypotheses is the presence of chert nodules and
beds in the Plaisance throughout its full extent in Hispaniola. In the
section of the Plaisance examined north of Neiba, chert beds and nodules occur
at reqular invtervals interbedded with the limestone. No volcanic tuff was
observed in the section. The chert beds are probably not of volcanic
origin. The 1l imestone beds associated with chert are sl ightly phosphatic, and
the cambination may indicate a general upwelling oceanic regime. The gamma-
ray log of the o0il well test Candelon No. 1, shows a slight gamma-ray anomaly
in the Plaisance Fomation, and the lithologic log indicates scattered dark
gray pellets at a depth of 12,600 £t (figures 9 and 10). Below are scattered
brownish green pellets described as glauconite. These characteristics may
indicate the presence of phosphatic rocks and/or glauconitic rocks.

The Plaisance Fomation has been called a shelf limestone because of its
crystallinity. This speculation should be further examined. The Plaisance is
a thin, even-bedded unit with little evidence of current structures in the
rock. The crystalline limestone beds are interbedded with lithographic
limestone, which is assigned a deep-water origin. Hand lens examination
indicates that the lithographic 1limestone beds have scattered foraminifera and
the crystalline beds contain in many cases a micritic (lithographic) matrix.
The crystalline beds may be foraminiferal ooze, but this could only be
detemined by petrographic study. It seems possible that the lithographic
limestone is formed of coccolith ooze and the crystalline limestone is formed
of foraminiferal ooze. If true, the variation of lithologies may not indicate
depth of water as much as the paleoecology of coccolith and foraminifera and
the oceanic current regime. It still may be that water depth is an important
factor in their sedimentation, but the question is, was it a shelf
enviroment? Phosphorite sedimentation requires depths of water less than a
few hundred meters. Was the water depth of Plaisance-type sedimentation that
shallow?

The features of Plaisance-Neiba sedimentation are quite similar to the
Upper Cretaceous sedimentation in the Paris Basin, France, which also contains
chert nodules, as well as phosphorite, in small silled basins within the main
Basin. Good background reading on the Paris Basin is Jarvis (1980). The
Plaisance-Neiba sedimentation is also similar to the Upper Cretaceous
1 imestone-marl sedimentation of Greece, where phosphorite also occurs However,
this occurrence has never been adequately described in the literature. The
Plaisance has potential for phosphate in all of its areas of occurrence, which
include the southern Cordillera Central, Sierra Neiba and Sierra Bahoruco. It
would seamn that the most likely areas to contain phosphorite would be the
shallowest, so the northern occurrences of the rocks, which are nearest to the
volcanic core of the island and should contain the shallowest water marine
enviroment, should get the most attention. It seems less likely that the
Neiba contains phosphorite.

In late FEocene time, subduction under the northern part of the island

renewed a minor amount of volcanism and caused uplift of the island (Lewis,
1980). This caused basimward gravity sliding of shelf deposits on both the
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north and south sides of the island. The upper Eocene olistolithic and
conglomeratic deposits of the Bani and Azua area on the south side of
Cordillera Central were fomed in this way. Because of the chaotic, rapid and
deep water sedimentation, the upper Eocene rocks are of no interest for
phosphate potential.

Paleocene 1imestones are known in small outcrops in several parts of
Cordillera Central, e.g. the Rio del Medio Series in the Padre las Casas area
of the southern Cordillera Central (Lewis, J. F., unpwlished map). The
1 imestone commonly contains chloritized material and chert, both perhaps of
volcanic origin. The Paleocene epoch included a major phosphogenic episode in
other parts of the world, suggesting the possibility that the Paleocene of
Dominican Repwlic may also contain phosphatic rocks.

Upper Cretacaeous Rocks

There is no possibility that the Upper Cretaceous phosphogenic province
of northern south America extends into the Greater Antilles. The northern
South American phosphorites were deposited in an Upper Cretaceous fore-land
basin east of the Upper Cretaceous subduction zone on the northwest side of
South America. At the time this occurred, the Lower Cretaceous volcanic arc
that eventually formed the Greater Antilles islands had already broken up and
was moving eastward on the Caribbean plate (Walper, 1980).

However, the back-arc basin of Paleogene age on the southwest side of
Hispaniola, discussed above, originated apparently in late Cretaceous time.
Upper Cretaceous dark, slightly phosphatic 1imestone was deposited in this
enviroment and includes beds of associated volcanic tuff and chert. This is
well illustrated in the section in the southern Cordillera Central in the
Montera Quadrangle north of Bani. Because late Cretaceous time included about
five phosphogenic episodes, the arguments for back-arc-basin phosphate
sedimentation in the Paleogene of Hispaniola apply equally to the Upper
Cretaceous.

Upper Cretaceous limestone is found in the Cordillera Central and
Cordillera Oriental. Middle Eocene to Cretaceous lithic fragments of shel £
sediments are abundant in the upper Eocene olistostrome unit, so that an
opportunity exists to sample the original Cretaceous and pre-upper Eocene
shelf sediments by searching the lithic fragments for phosphate and dating
them paleontologically.

Guano-der ived Phosphate Rock

Karstic areas of high rainfall and extensive 1 imestone outcrops exist in
eastern Dominican Republic. Bat guano cave deposits have been reported at
several localities in this region. The cave guano deposits themselves are too
small to have any significant resource value. However, the presence of the
bat guano deposits suggests the possibility of apatite deposition in solution
channels developed along fractures and bedding planes in the 1imestone
below. A review of this process, developed in Thailand where a number of such
apatite deposits exist, is given in Appendix D. The same arguments apply to
Dominican Republic. As mentioned above, the tabular apatite deposit on Mona
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Island above the unconfommity between the Mio-Pliocene and Plio-Pleistocene
limestones may be of bat guano origin or marine origin. If of bat guano
origin, it would indicate the presence of a type IIb deposit (solution channel
deposits along low angle bedding planes or unconformities).

Igneous Apatite

Alkalic, subsilicic, iron~-rich volcanic rocks of Cenozoic age occur in
the southern Cordillera Central. These volcanics appear to be associated with
the pull-apart basin of the San Juan-Azua valleys region (Mann, 1983). This
is a conceivable enviromment for mineral-rich igneous deposits, including
apatite-rich rocks. Normative apatite in the alkali-olivine basalt is 1.85%
(table 1). Although low, the possibility exists that volcanic rocks with
larger amounts of apatite occur in the volcanic province.

Rocks of Very Low to No Potential

Many other rock units exist in the Dominican Republic that are described
in the literature. From their descriptions, it was judged that their
phosphate potential was very low to nonexistent. They are described in
general terms below.

The Lower Cretaceous volcanic rocks making up the core of the volcanic
arc do not have a phosphate potential.

Oligocene rocks consist of conglomerate, rhythmically bedded shale and
sandstone, and limestone. Sedimentation was rapid, and only the sections
containing limestone could conceivable be phosphatic. No marine phosphate
deposits of definite Ol igocene age are known in the world, probably because
little vertical circulation occurred in the ocean. The Oligocene rocks of
Dominican Republican are therefore judged to have a very low phosphate
potential.

The Miocene evaporite enviromment of the Enriquillo Basin is not
favorable for phosphate sedimentation because the large amount of current
activity necessary to supply phosphorus to form a large deposit is
incompatible with a small evaporite, restricted-basin enviromment. However,
any normal marine sediments in the Enriquillo Basin should be examined for
phosphatic sediments. The potential, however, appears to be low.

Pliocene-Pleistocene reefoidal limestone exists in many places in the
coastal ares of Dominican Republic. The Pliocene-Pleistocene is not a
favorable time for major phosphorite sedimentation. The potential of these
rocks for marine phosphorite is considered very low, but their bat guano-
derived phosphate potential is high, as discussed earlier.

RANKING OF POTENTIAL PHOSPHATE AREAS

A resource assessment of undiscovered phosphate of a country can be
produced by the application of phosphate petrology to the geology of the
country. Because of incomplete knowledge, the undiscovered resource
assessment is always a progress report. New theories of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>